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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates generally to
clamping apparatuses for injection molding machines
and, more particularly, to a five-joint clamping apparatus
for an injection molding machine which retains the ad-
vantages of a conventional five-joint clamping apparatus,
specifically, high mold opening or closing speed and con-
trol precision, has an increased stroke distance in link
mechanism, and has a structure capable of pressing a
central portion of a mold.

2. Description of the Related Art

[0002] Injection molding machines are apparatuses for
forming products of synthetic resin material or the like.
Generally, injection molding machines form products in
such a way as to melt chips or powder and put it into a
mold having a predetermined shape. There are various
kinds of injection molding machines, from small sized
machines to large sized machines. Polyester, vinyl ace-
tate, different kinds of plastics, nylon, etc. can be used
as material for forming products using the injection mold-
ing machines.

[0003] Such injection molding machines are classified
into hydraulic injection molding machines and electric in-
jection molding machines. In conventional techniques,
hydraulic injection molding machines have been widely
used.

[0004] Among hydraulic injection molding machines, a
direct pressure type injection molding machine, in par-
ticular, has an advantage of a simple structure, being
configured such that a mold is opened or closed by a
cylinder.

[0005] However, the hydraulic injection molding ma-
chine requires consumption of a large amount of working
fluid, inducing disadvantages of causing environment
pollution and being difficult to maintain and repair.
[0006] As the above disadvantages of the hydraulic
injection molding machine are magnified, electric injec-
tion molding machines, which are configured such that
operation thereof including mold closing or opening op-
erationis enabled by a servo-motor, are being more wide-
ly used.

[0007] Among the electric injection molding machines,
toggle type injection molding machines are mainly used.
[0008] The electricinjection molding machinesrequire,
in terms of maintenance, only the lubrication of toggle
links, are able to reduce energy consumption by up to
80%, and markedly reduce the possibility of environment
pollution because working oil is not used.

[0009] The injection molding machines are apparatus-
es which conduct injection molding operation after mold
closing force has been applied to a mold between a mov-
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able plate and a stationary plate using tie bars.

[0010] As stated above, toggle type injection molding
machines are mainly used as the electric injection mold-
ing machines and are operated in such a way that, while
amold is interposed between a movable plate and a sta-
tionary plate, as links are stretched, pushing force applied
to the mold is increased, thus generating the mold closing
force and increasing it.

[0011] Forthis, the injection molding machines include
a clamping apparatus. Clamping apparatuses of the tog-
gle type injection molding machines are classified into a
single toggle type clamping apparatus including a pair of
toggle links, and a double toggle type clamping apparatus
including two pairs of toggle links.

[0012] The single toggle type clamping apparatus is
suitable for a small injection molding machine. The dou-
ble toggle type clamping apparatus is suitable for an in-
jection molding machine that requires comparatively
mold closing force.

[0013] Double toggle type clamping apparatuses are
classified into a four-joint type and a five-joint type ac-
cording to a structure of connecting a toggle link to a
crosshead link.

[0014] The four-joint clamping apparatus is configured
such that a crosshead link, a long link and a short link
are connected together by a single joint.

[0015] The four-joint clamping apparatus is advanta-
geous in that comparatively large mold closing force can
be generated using relatively small input force, because
mechanical advantage is large.

[0016] However, in the four-joint clamping apparatus,
a displacement of the crosshead is comparatively large
during a mold opening or closing stroke. Therefore, a
mold opening speed is low, and the size of the clamping
apparatus is increased.

[0017] To overcome the problems of the four-joint
clamping apparatus, the five-joint clamping apparatus
was proposed.

[0018] The five-joint clamping apparatus is configured
such that a joint of connecting a crosshead link to a short
link is provided separately from a joint of connecting a
long link to the short link.

[0019] In the five-joint clamping apparatus, the cross-
head link 112 is connected to the short link 108 at a joint
E1 which forms a smaller radius of rotation based on a
joint B1 than does a joint A1. Compared to the four-joint
clamping apparatus in which the crosshead link 112 is
connected to the joint A1, the speed of a mold opening
or closing stroke is increased, and the length of the
clamping apparatus can be reduced because of reduced
displacement of the crosshead 111.

[0020] Furthermore, the conventional five-joint clamp-
ing apparatus has an inward-folding and inner-joint type
toggle link structure in which a toggle link is folded in-
wards and a link coupling part is fixed to an inner joint
(refer to FIG. 2). Such an inward-folding and inner-joint
type toggle link structure is advantageous in that it is suit-
able for a typical toggle link structure that is operated at
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high speed.

[0021] However, in the inward-folding and inner-joint
type toggle link structure, the maximum stroke distance
of the movable plate is 540 mm, and it is very difficult to
further increase the stroke distance.

[0022] Meanwhile,toimprove the conventional inward-
folding and inner-joint type toggle link structure, an im-
proved toggle link structure was proposed in US Patent
No. 5,843,496 (hereinafter, referred to as conventional
technique 1) in which a link coupling part is fixed to an
outer joint.

[0023] Conventional technique 1 provides an inward-
folding and outer-joint type toggle link structure, in which
the area the links take in the injection molding machine
is reduced and efficiency of mold clamping force gener-
ation is enhanced, compared to the inward-folding and
inner-joint type toggle link structure.

[0024] The inward-folding and outer-joint type toggle
link structure according to conventional technique 1 has
advantages of improved efficiency in generating mold
clamping force and being capable of more smoothly ap-
plying mold clamping force to a mold. However, it still
has problems of difficulty in achieving a long stroke dis-
tance, that is, increasing the stroke distance, and diffi-
culty in embodying high-speed operation.

[0025] Typically, in the case of the electric injection
molding machines, toggle type injection molding ma-
chines are mainly used. In such a toggle type, links are
connected to a perimeter of a movable plate rather than
to a central portion thereof.

[0026] Therefore, during a mold closing operation, the
links press the perimeter of the movable plate, thus mark-
edly increasing the possibility of the mold being deformed
compared to that of the direct pressure type injection
molding machine. Furthermore, it is very difficult for the
toggle type injection molding machines torealize a center
pressing structure such that force is applied to central
portion of the movable plate.

[Prior art document]
[Patent document]
[0027]
(Patent document 1) US Patent No. 5,843,496
SUMMARY OF THE INVENTION

[0028] Accordingly, the present invention has been
made keeping in mind the above problems occurring in
the prior art, and an object of the present invention is to
provide a clamping apparatus for injection molding ma-
chines which can achieve purposes of high-speed mold
opening or closing operation and an increase in a stroke
distance and is capable of embodying a center pressing
structure of the same level as that of the direct pressure
type injection molding machine.
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[0029] In order to accomplish the above object, the
present invention provides a clamping apparatus for in-
jection molding machines, including: a motor; a ball screw
operated by the motor, the ball screw being oriented in
a horizontal direction; a crosshead coupled to the ball
screw so that, when the ball screw rotates, the crosshead
moves forwards or backwards; a stationary plate and a
rear plate connected to a tie bar; and a movable plate
disposed between the stationary plate and the rear plate,
the movable plate being moved forwards or backwards
by links,

wherein the links comprise: a first link having a first end
forming a B-joint along with a first-side extension of the
rear plate, the first link being oriented leftward and down-
wards based on the B-joint when the movable plate is
moved backwards; a second link having a first end form-
ing a G-joint along with a portion that protrudes outwards
from a side surface of the first link, and a second end
forming a D-joint along with the crosshead, the second
link being oriented leftward and upwards based on the
G-joint while connecting the G-joint to the D-joint; and a
third link having a first end forming an A-joint along with
a second end of the first link, and a second end forming
a C-joint along with a second-side extension of the mov-
able plate, the third link being oriented rightward and up-
wards based on the A-joint, wherein

when the movable plate is moved forwards, the first link
the first end of which forms the B-joint along with the first-
side extension of the rear plate is horizontally oriented
rightward based on the B-joint, the first end of the second
link forms the G-jointalong with the portion that protrudes
outwards from the side surface of the first link, the second
end of the second link forms the D-joint along with the
crosshead, and the second link is oriented upwards
based on the G-joint while connecting the G-joint to the
D-joint, and the first end of the third link forms the A-joint
along with the second end of the first link, the third link
is oriented rightward based on the A-joint, and the second
end of the third link forms the C-joint along with the sec-
ond-side extension of the movable plate.

[0030] A clamping apparatus for injection molding ma-
chines according to the present invention has the follow-
ing advantages.

(1) a toggle link structure is operated in such a way
as to extend outwards, thus making it possible to
increase a stroke distance.

(2) because the toggle link structure is operated in
such a way as to extend outwards, mold opening or
closing operation can be conducted at very high
speed compared to that of the conventional five-joint
toggle link structure.

(3) since a link that is connected to a movable plate
is connected to a center or central portion of the mov-
able plate, pressure of the same level as that of the
direct pressing mold clamping apparatus can be ap-
plied to a mold, during a mold closing operation.
(4) the toggle link structure is operated in such a way
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as to extend outwards, and a crosshead and the
movable plate correspond to each other in speed
distribution. Therefore, shock is not generated even
during high-speed operation, so that low-vibration
and high-speed mold opening or closing operation
can be realized.

(5) force required to accelerate or decelerate the
movable plate is comparatively low, thus making low-
vibration operation and high-cycle operation possi-
ble.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other objects, features and ad-
vantages of the present invention will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a side view showing an embodiment of a
four-joint clamping apparatus according to a conven-
tional technique;

FIG. 2 is a side view showing an embodiment of a
five-joint clamping apparatus according to a conven-
tional technique;

FIG. 3is a side view illustrating a state of a clamping
apparatus of an injection molding machine when a
mold opens, according to the present invention;
FIG. 4 is a side view illustrating a state of the clamp-
ing apparatus when the mold is closed, according to
the present invention;

FIG. 5 is a perspective view illustrating a preferred
embodiment of the clamping apparatus of the injec-
tion molding machine according to the present in-
vention;

FIG. 6 is a side view of the clamping apparatus of
the injection molding machine according to the
present invention;

FIGS. 7A and 7B are speed-weight analysis graphs
of the clamping apparatus of the injection molding
machine according to the present invention;

FIGS. 8A and 8B are speed-weight analysis graphs
of the conventional five-joint clamping apparatus;
FIG. 9 is a schematic view illustrating mechanism of
links and joints of the clamping apparatus of the in-
jection molding machine according to the present
invention;

FIG. 10 is a side sectional view illustrating the state
of the clamping apparatus when the mold is closed,
according to the present invention; and

FIG. 11 is a side sectional view illustrating the state
of the clamping apparatus when the mold opens, ac-
cording to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] Hereinafter, a clamping apparatus for an injec-
tion molding machine according to a preferred embodi-
ment of the present invention will be described in detail
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with reference to FIGS. 3 and 4.

[0033] Theclamping apparatus ofthe injection molding
machine according to the present invention includes a
motor F, a ball screw 15 which is operated by the motor
F and is horizontally disposed, a crosshead 18 which is
coupled to the ball screw 15 and is moved forwards or
backwards by rotation of the ball screw 15, a stationary
plate 4 and a rear plate 6 which are coupled to tie bars
5, and a movable plate 7 which is disposed between the
stationary plate 4 and the rear plate 6 and is moved for-
wards or backwards by links.

[0034] The motor F is disposed on a second side 6b
of the rear plate 6. Preferably, a servo-motor is used as
the motor F.

[0035] The motor F functions to operate the crosshead
18 for opening or closing a mold.

[0036] Furthermore, the motor F is connected to the
crosshead 18 by the ball screw 3.

[0037] The crosshead 18 moves forwards or back-
wards along the ball screw 3 connected to the motor F.
[0038] Crosshead links E are provided on the cross-
head 18. When viewed from a side view of the clamping
apparatus 1 of the injection molding machine, the cross-
head links E are oriented in the vertical direction.
[0039] D-joints 80 are provided on central portions of
the respective crosshead links E.

[0040] In detail, each D-joint 80 is formed on an outer
protrusion 18a provided on an outer surface of the cor-
responding crosshead link E. The outer protrusion 18a
of each crosshead link E is preferably formed at a point
corresponding to about 2/3 of the length of the crosshead
link E based on the ball screw 3.

[0041] When viewed from the clamping apparatus 1 of
the injection molding machine of the present invention,
the outer protrusion 18a of the crosshead link E that is
disposed below the ball screw 3 is inclined rightward and
upwards.

[0042] When viewed from the clamping apparatus 1 of
the injection molding machine of the present invention,
the outer protrusion 18a of the crosshead link E that is
disposed above the ball screw 3 is inclined rightward and
downwards.

[0043] The tie bars are connected to the stationary
plate 6.

[0044] In detail, first ends 5a of the tie bars are con-
nected to a first side 4a of the stationary plate 6.

[0045] Second ends 5b of the tie bars are connected
to a first side 6a of the rear plate 6.

[0046] Assuch, the stationary plate 4 and the rear plate
6 are disposed on the front and rear ends of the tie bars 5.
[0047] The movable plate 7 is disposed between the
stationary plate 4 and the rear plate 6.

[0048] The rear plate 7 is moved by the links, which
will be explained later herein, forward or rearwards under
guidance of the tie bars 5.

[0049] Hereinafter, the links, which are operated such
that, when the movable plate 7 is moved forwards or
backwards by the operation of the motor F under guid-
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ance of the tie bars 5, mold clamping force is applied to
amold (not shown) thatis mounted between the movable
plate 7 and the stationary plate 4, will be explained in
detail with reference to the drawings.

[0050] In the clamping apparatus 1 of the injection
molding machine according to the present invention,
when the movable plate 7 along with the crosshead 18
is moved backwards by the operation of the motor F, the
mold opens, in other words, enters an open mold state.
[0051] In the open mold state, the position and shape
of the links of the clamping apparatus 1 according to the
present invention are as follows.

[0052] The links are configured to have a five-joint
structure that depends on a connection structure of the
crosshead link E.

[0053] Each firstlink 14 is connected to a first-side ex-
tension 6¢ of the rear plate.

[0054] When viewed from the side view of the clamping
apparatus 1 of the injection molding machine according
to the present invention, the shape of the first-side ex-
tension 6¢ of the rear plate will be explained below.
[0055] The first-side extension 6c of the rear plate in-
cludes a first part 6d and a second part 6e which is con-
nected to the first part 6d.

[0056] The first part 6d of the first-side extension of the
rear plate is thicker than the second part 6e of the first-
side extension.

[0057] AB-joint60, which will be explained later herein,
is formed on the second part 6e of the first-side extension
of the rear plate and is connected to the first link 14.
[0058] A first end 14a of the first link 14 forms the B-
joint 60 between it and the first-side extension 6¢ of the
rear plate 6, in detail, the second part 6e of the first-side
extension 6c¢.

[0059] Thereby, the firstlink 14 is provided so as to be
rotatable around the B-joint 60.

[0060] When viewed from the side view of the clamping
apparatus 1 according to the present invention, the first
link 14 that is disposed below the ball screw 3 extends
leftward and downwards based on the B-joint 60 and is
longer and thicker than a second link 16 which will be
explained later herein.

[0061] Furthermore, when viewed from the side view
of the clamping apparatus 1 according to the present
invention, the first link 14 that is disposed above the ball
screw 3 extends leftward and upwards based on the B-
joint 60 and is also longer and thicker than the second
link 16.

[0062] Asecondend 14bofthefirstlink 14is connected
to a third link 19, which will be explained later herein, with
an A-joint 50 formed between the second end 14b and
the third link 19. The connection of the second end 14b
of thefirst link 14 to the third link 19 will also be explained
later.

[0063] AG-joint90isformed ona portion thatprotrudes
outwards from a side surface of each first link 14, that is,
on a protrusion 14c of the first link 14.

[0064] The position at which the G-joint 90 is disposed
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is a point corresponding to about 2/3 of the length of the
first link 14 below the B-joint 60.

[0065] Each G-joint90is connected to the correspond-
ing second link 16.

[0066] A firstend 16a of each second link 16 forms the
G-joint 90 between it and the portion that protrudes out-
wards from the side surface of the corresponding first
link 14, that is, the protrusion 14c of the first link 14.
[0067] A secondend 16b of each second link 16 forms
the D-joint 80 between it and the outer protrusion 18a of
the corresponding crosshead link E.

[0068] When viewed fromthe side view of the clamping
apparatus 1 of the present invention, the second link 16
that is disposed below the ball screw 3 extends leftward
and upwards based on the G-joint 90.

[0069] Each second link 16 connects the correspond-
ing G-joint 90 to the associated D-joint 80.

[0070] Whenviewed fromthe side view of the clamping
apparatus 1 of the present invention, the second link 16
that is disposed above the ball screw 3 extends leftward
and downwards based on the G-joint 90.

[0071] Theouterprotrusions 18aofthe crosshead links
E are configured such that, when viewed from the clamp-
ing apparatus 1 of the injection molding machine, one of
the outer protrusions 18a that is disposed below the ball
screw 3 is inclined rightward and upwards, and the other
outer protrusion 18a thatis disposed above the ball screw
3 is inclined rightward and downwards.

[0072] The second link 16 is shorter than the first link
14. When viewed from the sectional view of the clamping
apparatus 1 of the present invention, the second link 16
is disposed between the first link 14 and the third link 19
which will be explained later herein.

[0073] In the clamping apparatus 1 according to this
embodiment of the present invention, the two second
links 16 are respectively disposed above and below the
ball screw 3.

[0074] Each thirdlink 19 is connected at a first end 19a
thereof to the second end 14b of the corresponding first
link, thus forming the A-joint 50.

[0075] That is, each first link 14 is connected to the
corresponding third link 19, thus forming the A-joint 50.
When the movable plate 7 that has been moved forwards
by the motor F to conduct a mold closing operation is
moved backwards again to conduct a mold opening op-
eration, the first links 14 and the third links 19 which are
connected to the corresponding A-joints 50 are moved
outwards.

[0076] Consequentially, the first links 14 and the third
links 19 move towards the corresponding tie bars 5.
[0077] AsshowninFIG. 2, inthe conventional five-joint
clamping apparatus (refer to conventional technique 1),
when the movable plate 107 is moved backwards, the
links 108 and 109 move inwards, that is, towards the ball
screw, based on the A1-joints.

[0078] Because the links 108 and 109 move inwards
towards the ball screw, if the lengths of the links 108 and
109 are increased to increase a stroke distance, interfer-
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ence between the ball screw and the links 108 and 109
is inevitable. Therefore, there is a limitation in increasing
the stroke distance.

[0079] However, in the clamping apparatus 1 of the
injection molding machine according to the present in-
vention, the first links 14 and the third links 19 which are
connected to the A-joints 50 are moved outwards. Here,
because open space is defined between the tie bars 5
of the injection molding machine, the first links 14 and
the third links 19 enter the open space when moving out-
wards. Therefore, it becomes possible to increase the
stroke distance (refer to FIG. 3).

[0080] Furthermore, because the first links 14 and the
third links 19 which are connected to the A-joints 50 are
moved outwards, force required to move the links is
smaller than that of the conventional five-joint clamping
apparatus (referring to conventional technique 1).
[0081] Therefore, force required to accelerate or de-
celerate the movable plate 7 is small, thus making it pos-
sible to conduct the mold opening or closing operation
with low vibration. Since force required to conduct the
mold opening or closing operation is reduced, high-cycle
operation of the injection molding machine also becomes
possible.

[0082] FIGS. 7Athrough 8B are speed-weightanalysis
graphs of the clamping apparatus 1 of the injection mold-
ing machine according to the present invention and
speed-weight analysis graphs of conventional five-joint
clamping apparatus.

[0083] AsshowninFIG.7A,in the clamping apparatus
1 of the injection molding machine according to the
present invention, the crosshead 18 and the movable
plate 7 correspond to each other in speed distribution.
Therefore, low-vibration and high-speed mold opening
or closing operation becomes possible.

[0084] Furthermore, as shown in FIG. 7B, because
force required when accelerating or decelerating the
movable plate 7 to conduct the mold opening or closing
operation is comparatively small, the present invention
is suitable for realizing low-vibration and high-cycle op-
eration of the injection molding machine.

[0085] Accordingto speed analysis of the conventional
five-joint clamping apparatus, there is a moment at which
the crosshead and the movable plate do not correspond
to each otherin speed distribution. Hence, when the five-
jointclamping apparatus is operated at high speed, shock
is generated. Furthermore, because force required to ac-
celerate or decelerate the movable plate is comparatively
large, it is difficult to realize the low-vibration and high-
cycle operation of the injection molding machine (refer
to FIGS. 8A and 8B).

[0086] Meanwhile, when viewed from the side view of
the clamping apparatus 1 of the injection molding ma-
chine according to the present invention, the third link 19
that is disposed below the ball screw 3 extends rightward
and upwards based on the A-joint 50.

[0087] Furthermore, when viewed from the side view
of the clamping apparatus 1 according to the present
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invention, the third link 19 that is disposed above the ball
screw 3 extends rightward and downwards based on the
A-joint 50.

[0088] A second end 19b of each third link 19 is con-
nected to a second-side extension 7b of the movable
plate with a C-joint 70 formed therebetween.

[0089] Thejoints 50,60, 70,80 and 90 functionto make
it possible to rotate the links 14, 16 and 19, the crosshead
links 18 and the second-side extensions 7b of the mov-
able plate which are connected to each other by the joints
50, 60, 70, 80 and 90.

[0090] Relative positions of the joints 50, 60, 70, 80
and 90 are as follows.

[0091] Theserelative positions will be explained based
on the B-joint 60.

[0092] First, each C-joint 70 is at the right of the cor-
responding B-joint 60. The C-joint 70 that is disposed
below the ball screw 3 is below the corresponding B-joint
60.

[0093] On the other hand, the C-joint 70 that is dis-
posed above the ball screw 3 is above the corresponding
B-joint 60.

[0094] Each G-joint 90 is disposed between the corre-
sponding B-joint 60 and the associated C-joint 70 at a
position closer to the B-joint 60 than the C-joint 70.
[0095] The G-joint 90 that is disposed below the ball
screw 3 is positioned below the corresponding B-joint 60
and the associated C-joint 70 and above the correspond-
ing A-joint 50 which will be explained later herein.
[0096] The G-joint 90 that is disposed above the ball
screw 3 is positioned above the corresponding B-joint 60
and the associated C-joint 70 and below the correspond-
ing A-joint 50.

[0097] Each A-joint 50 is disposed between the corre-
sponding G-joint 90 and the associated D-joint 80 at the
left of the corresponding B-joint 60. The A-joint 50 that
is disposed below the ball screw 3 is positioned below
the other joints 60, 70, 80 and 90, in other words, at the
lowermost position among the joints.

[0098] The A-joint 50 that is disposed above the ball
screw 3 is positioned above the other joints 60, 70, 80
and 90, in other words, at the uppermost position among
the joints.

[0099] Each D-joint 80 is disposed at the left of the
corresponding B-joint 60, that is, at the leftmost position
among the joints, and is connected to the crosshead link
E.

[0100] The D-joint 80 that is disposed below the ball
screw 3 is positioned below the corresponding B-joint 60
and above the associated G-joint 90, in other words, be-
tween the G-joint 90 and the B-joint 60.

[0101] The D-joint 80 that is disposed above the ball
screw 3 is positioned above the corresponding B-joint 60
and below the associated G-joint 90, in other words, be-
tween the G-joint 90 and the B-joint 60.

[0102] In the clamping apparatus 1 of the injection
molding machine according to the present invention,
when the movable plate 7 is moved forwards by the op-
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eration of the motor F, the mold is closed, that is, enters
a mold closed state.

[0103] In the mold closed state, the positions and
shapes of the links of the clamping apparatus 1 of the
injection molding machine according to the present in-
vention are as follows.

[0104] Each first-side extension 6c of the rear plate, in
more detail, the second part 6e of each first-side exten-
sion 6¢ of the rear plate, along with the corresponding
first link 14, forms the B-joint 60.

[0105] In the mold closed state, the first link 14 is ori-
ented to the right towards the movable plate 7.

[0106] As stated above, each G-joint 90 is formed on
the protrusion 14c of the corresponding first link 14.
[0107] Each second link 16 is connected to the corre-
sponding G-joint 90.

[0108] That is, the first end 16a of the second link 16
is connected to the first link 14 by the G-joint 90.
[0109] The second end 16b of each second link 16 is
connected to the outer protrusion 18a of the correspond-
ing crosshead link by the associated D-joint 80.

[0110] In this mold closed state, when viewed from the
side view of the clamping apparatus 1 of the present in-
vention, the second link 16 that is disposed above the
ball screw 3 extends upwards based on the correspond-
ing G-joint 90.

[0111] On the other hand, when viewed from the side
view of the clamping apparatus 1 of the presentinvention,
in this mold closed state, the second link 16 that is dis-
posed below the ball screw 3 extends downwards based
on the corresponding G-joint 90.

[0112] The second link 16 is disposed between the B-
joint 60 and the A-joint 50.

[0113] In the mold closed state, the positions and
shapes of the third links 19 will be explained below.
[0114] The first end 19a of each third link 19 is con-
nected to the second end 14b of the corresponding first
link, thus forming the A-joint 50.

[0115] Furthermore, the second end 19b of each third
link 19, along with the corresponding second-side exten-
sion 7b of the movable plate, forms the C-joint 70.
[0116] The second-side extensions 7b of the movable
plate are disposed around a central portion of the mov-
able plate 7.

[0117] As stated above, each second-side extension
7b of the movable plate is connected to the second end
19b of the corresponding third link by the associated C-
joint 70.

[0118] In the mold closing operation, as the third links
19 move towards the movable plate 7, the second-side
extensions 7b of the movable plate that are connected
to the third links 19 push the movable plate 7 forwards.
[0119] Here, because the second-side extensions 7b
of the movable plate are disposed around the central
portion of the movable plate 7, mold closing force is ap-
plied to a central portion of the mold (not shown) that is
disposed between the movable plate 7 and the stationary
plate 4.
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[0120] Therefore, in the clamping apparatus 1 of the
present invention, the intensity of the mold closing force
that is applied to the mold during the mold closing oper-
ation can become almostthe same level as that of adirect
pressure type mold clamping apparatus

[0121] Each third link 19 is disposed at the right of the
corresponding A-joint 50 and oriented towards the asso-
ciated second-side extension 7b of the movable plate.
[0122] In other words, the third link 19 is positioned
between the second link 16 and the second-side exten-
sion 7b of the movable plate.

[0123] In this embodiment of the clamping apparatus
1 of the injection molding machine according to the
present invention, two pairs of first links 14 and two pairs
of third links 19, that is, four firs links 14 and four third
links 19, are provided. When viewed from the side view,
a pair of first links 14 and a pair of third links 19 are dis-
posed below the ball screw 3.

[0124] In addition, a pair of first links 14 and a pair of
third links 19 are disposed above the ball screw 3.
[0125] As stated above, the joints 50, 60, 70, 80 and
90 function to make it possible to rotate the links 14, 16
and 19, the crosshead links 18 and the second-side ex-
tensions 7b of the movable plate which are connected to
each other by the joints 50, 60, 70, 80 and 90.

[0126] The relative positions of the joints 50, 60, 70,
80 and 90, when in the mold closed state, are as follows.
[0127] Based on the B-joint 60, the relative positions
of the other joints will be explained below.

[0128] Each A-joint 50 is disposed at the right of the
corresponding B-joint 60 and at the left of the associated
C-joint 70. In other words, the A-joint 60 is positioned
between the B-joint 60 and the C-joint 70.

[0129] The A-joint 50 that is disposed above the ball
screw 3 is positioned slightly above the B-joint 60 and
between the corresponding D-joint 80 and the corre-
sponding G-joint 90.

[0130] The A-joint 50 that is disposed below the ball
screw 3 is positioned slightly below the B-joint 60 and
also disposed between the corresponding D-joint 80 and
the corresponding G-joint 90.

[0131] Each C-joint 70 is disposed at the right of the
corresponding B-joint 60 and even the corresponding A-
joint 50.

[0132] That s, the C-joint 70 is disposed at the right-
most position of the other joints.

[0133] The C-joint 70 that is disposed above the ball
screw 3 is positioned slightly above not only the B-joint
60 but also the A-joint 50.

[0134] However, the C-joint 70 is disposed between
the D-joint 80 and the G-joint 90.

[0135] The C-joint 70 that is disposed below the ball
screw 3 is positioned slightly below not only the B-joint
60 but also the A-joint 50.

[0136] Furthermore, the C-joint 70 that is disposed be-
low the ball screw 3 is positioned between the D-joint 80
and the G-joint 90 in the same manner as that of the C-
joint 70 that is disposed above the ball screw 3.
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[0137] Each D-joint 80 is disposed at the right of the
corresponding B-joint 60 and at the left of the correspond-
ing A-joint 50. In other words, the D-joint 80 is positioned
between the B-joint 60 and the A-joint 50.

[0138] The D-joint 80 that is disposed above the ball
screw 3 is positioned above the B-joint 60, the A-joint 50,
the C-joint 70 and the G-joint 90.

[0139] The D-joint 80 that is disposed below the ball
screw 3 is positioned below the B-joint 60, the A-joint 50,
the C-joint 70 and the G-joint 90.

[0140] Each G-joint 90 is disposed at the right of the
corresponding B-joint 60 and at the left of the correspond-
ing A-joint 50. In other words, the G-joint 90 is positioned
between the B-joint 60 and the A-joint 50.

[0141] The G-joint 90 that is disposed above the ball
screw 3 is positioned below the B-joint 60, the A-joint 50,
the C-joint 70 and the D-joint 90. Therefore, in the mold
closed state, among these joints, the G-joint 90 that is
disposed above the ball screw 3 is disposed at the low-
ermost position.

[0142] On the other hand, the G-joint 90 that is dis-
posed below the ball screw 3 is positioned above the B-
joint 60, the A-joint 50, the C-joint 70 and the D-joint 90.
Thus, in the mold closed state, among these joints, the
G-joint 90 that is disposed below the ball screw 3 is dis-
posed at the uppermost position.

[0143] Based onthe B-joint 60, because the G-joint 90
is disposed at a position spaced slightly farther from the
B-joint 60 than is the D-joint 80, the G-joint 90 and the
D-joint 80 are not placed on the same vertical line.
[0144] Unlike the conventional five-joint clamping ap-
paratus, the clamping apparatus of the injection molding
machine according to the present invention has a struc-
ture capable of center pressing, as shown in the sche-
matic view (see, FIG. 9) illustrating mechanism of the
links and the joints.

[0145] As described above, a clamping apparatus for
an injection molding machine according to the present
invention can realize a high-cycle and long-stroke dis-
tance structure, while keeping advantages of the con-
ventional five-joint clamping apparatus, that is, the ad-
vantages of high mold opening or closing speed and con-
trol precision.

[0146] Although the preferred embodiments of the
presentinvention have been disclosed forillustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible,
without departing from the scope and spirit of the inven-
tion as disclosed in the accompanying claims.

Claims

1. A mold clamping apparatus for an injection molding
machine, comprising:

a motor;
a ball screw operated by the motor, the ball
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screw being oriented in a horizontal direction;
a crosshead coupled to the ball screw so that,
when the ball screw rotates, the crosshead
moves forwards or backwards;

a stationary plate and a rear plate connected to
a tie bar; and

a movable plate disposed between the station-
ary plate and the rear plate, the movable plate
being moved forwards or backwards by links
comprising a first link, a second link and a third
link,

wherein, when the movable plate is moved back-
wards, a first end of the first link forms a B-joint
along with a first-side extension of the rear plate,
and the first link is oriented leftward and down-
wards based on the B-joint;

afirstend of the second link forms a G-jointalong
with a portion that protrudes outwards from a
side surface of the first link, a second end of the
second link forms a D-joint along with the cross-
head, and the second link is oriented leftward
and upwards based on the G-joint while con-
necting the G-joint to the D-joint;

a first end of the third link forms an A-joint along
with a second end of the first link, the third link
is oriented rightward and upwards based on the
A-joint, and a second end of the third link forms
a C-joint along with a second-side extension of
the movable plate,

when the movable plate is moved forwards, the
first link the first end of which forms the B-joint
along with the first-side extension of the rear
plate is horizontally oriented rightward based on
the B-joint;

the first end of the second link forms the G-joint
along with the portion that protrudes outwards
from the side surface of the first link, the second
end of the second link forms the D-joint along
with the crosshead, and the second link is ori-
ented upwards based on the G-joint while con-
necting the G-joint to the D-joint; and

the first end of the third link forms the A-joint
along with the second end of the first link, the
third link is oriented rightward based on the A-
joint, and the second end of the third link forms
the C-joint along with the second-side extension
of the movable plate, and

the first link, the second link and the third link
comprise first links, second links and third links
provided both above and below the ball screw
when viewed from a side view.



EP 2 724 836 A1

FIG. 1

2

FIG. 2

106 — - B1 . ~4 107
\ Bl A 09 O T L0s 104

= 990 =g 1

108 | -E1
B 112




EP 2 724 836 A1

FIG. 3
| ;
I fm...,.l ]" é
F X £ - o]
- O O "

pd

FA e

10



EP 2 724 836 A1

FIG. 4

1"



EP 2 724 836 A1

FIG. 5

12



FIG.

6

EP 2 724 836 A1

i

™

[=]

i

pd

13

U“J‘

oL



EP 2 724 836 A1

FIG. 7A

Crosshead ~ — Movable p Ea{eﬂl

2000 £ .

1000 "
/ \ \
A e

Velooity mm/s)

FIG. 7B

Crosshead = = [Jovable plate M

wwwwww

31
B
>
P

i
a1
D
P
o
ol
i
e
el
- ——

Horizontal companent of forde thgf
el ,
TR
“
;:.af;';
%‘"**-a_u

10000 i \j

¢
£
i
it

14



FIG. 8A

EP 2 724 836 A1

Crosshead = = Wiowvable platen {

i
L]
<3
o

2000

1000

Velocty mm/sh

-2000

FIG. 8B

ontal component

Huoriz

0.5
Time (s}

]'“"‘-“ Crosshead — — blovable plate nf

Time (s}

15




EP 2 724 836 A1

FIG. 9

16



EP 2 724 836 A1

FIG. 10

FIG. 11

17



EP 2 724 836 A1

des

Europiéisches
Patentamt

European

Patent Office

ce européen
brevets

[y

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 13 17 4648

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

US 5 102 327 A (REINHART WILLIAM A [US])
7 April 1992 (1992-04-07)

* column 4, Tine 39 - column 5, Tine 16;
figures 1-3 *

US 2002/068109 Al (WANG JUI-HSIANG [TW])
6 June 2002 (2002-06-06)

* paragraphs [0030] - [0034]; figures 1-5
*

DE 296 00 634 Ul (BATTENFELD GMBH [DE])
7 March 1996 (1996-03-07)

* pages 3-4; figures 1-3 *

EP 0 679 494 A2 (MAICOPRESSE SPA [IT])

2 November 1995 (1995-11-02)

* column 3, Tine 30 - column 4, Tine 29;
figure 1 *

The present search report has been drawn up for all claims

1

INV.
B29C45/66
B29C45/68

TECHNICAL FIELDS
SEARCHED (IPC)

B29C

Place of search Date of completion of the search

Munich 22 November 2013

Examiner

Horubala, Tomasz

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P :intel

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

rmediate document document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

18




EPO FORM P0459

EP 2 724 836 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 13 17 4648

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

22-11-2013
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5102327 A 07-04-1992  NONE

US 2002068109 Al 06-06-2002  NONE

DE 29600634 ul 07-03-1996 AT 407853 B 25-07-2001
DE 29600634 U1 07-03-1996

EP 0679494 A2 02-11-1995 EP 0679494 A2 02-11-1995
IT BS940040 Al 26-10-1995
JP HO857926 A 05-03-1996
us 5603969 A 18-02-1997

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

19



EP 2 724 836 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  US 5843496 A [0022] [0027]

20



	bibliography
	description
	claims
	drawings
	search report

